Background Randomized controlled trials consistently support the efficacy of antidepressants in treating youth with generalized anxiety disorder (GAD), although integrated examinations of efficacy, safety, and tolerability of psychotropic medications in GAD, specifically, are rare. With this in mind, we sought to describe the efficacy, safety, and tolerability of psychopharmacologic interventions in pediatric patients with GAD. Methods Randomized, double-blind, placebo-controlled, prospective trials of psychopharmacologic interventions in youth with GAD were identified through a PubMed/Medline search. Both authors manually reviewed trials and, to evaluate comparative efficacy and tolerability across medications, numbers needed to treat (NNT) [based on Pediatric Anxiety Rating Scale (PARS) remission criteria (PARS B8)] and number needed to harm (NNH) for selected treatment-emergent adverse events (TEAEs) were calculated. Finally, treatment-emergent suicidality and taper-emergent/post-study adverse events are reported descriptively. Results Five trials that involved 1186 patients and evaluated four medications were reviewed and efficacy data were extracted with regard to dimensional measures of anxiety. Selective serotonin reuptake inhibitors (SSRIs) and serotonin norepinephrine reuptake inhibitors (SNRIs) demonstrated efficacy in the reduction of anxiety symptoms with NNTs ranging from 2.8 to 9.3. TEAEs varied considerably between studies but tended to be mild and generally did not lead to discontinuation. Conclusions Data from five trials of SSRI/SNRI in youth with GAD, many of whom had co-occurring separation and social anxiety disorders, suggest superiority to placebo and favorable tolerability profiles.
Introduction
Anxiety disorders are among the most prevalent and persistent psychiatric disorders in pediatric populations [1, 2] . Moreover, children and adolescents with anxiety disorders & Jeffrey R. Strawn strawnjr@uc.edu are more likely to experience suicidal ideation [3] and to attempt suicide [4] than unaffected youth. Additionally, when present in youth, anxiety disorders impair social functioning, result in social withdrawal, cause academic problems [2, [5] [6] [7] and increase the likelihood of somatic symptoms which in turn are associated with deteriorations in functioning [8, 9] . Also, untreated youth with anxiety disorders are at higher risk for developing other anxiety disorders, depressive disorders, alcohol dependence, and substance use disorders later in life [10] [11] [12] . Despite the significant burden associated with anxiety disorders, less than one fifth of affected youth ever receive treatment [13] . Youth who respond favorably to acute treatment are significantly more likely to be in remission 6 years later than those who do not. However, of all those treated, less than half achieve long-term remission after acute treatment, emphasizing the importance of long-term care [14] . Generalized anxiety disorder (GAD) is one of the most common anxiety disorders in children and adolescents, and affects between 2 and 6 % [1, 15] . Youth with GAD experience insomnia, cognitive symptoms (e.g., attentional difficulties), and somatic symptoms and these symptoms are accompanied by the sine quo non of GAD, excessive, diffuse uncontrollable worry and anxiety [16] . These symptoms, which often begin in early childhood, fluctuate in adolescence and frequently worsen again in middle and late adolescence [17] . GAD follows an onset pattern more similar to depressive disorders than other anxiety disorders, with a core incidence period of adolescence to early adulthood, rather than in childhood [18] . Further, in childhood, GAD is significantly associated with depression [19] and this relationship is buttressed not only by their common co-occurrence and similar neurocircuitries [20, 21] but also by 'factor' commonality between GAD and depressive disorders in a number of factor analyses [22] [23] [24] .
Understanding of the neurobiology of pediatric anxiety disorders, including GAD, has advanced significantly over the first decade and a half of the new millennium. Taken together, the extant neuroimaging data implicate dysfunction in prefrontal-amygdala-based circuits, although a myriad of both functional and structural neuroimaging studies also reveal abnormalities in the default mode network [25] [26] [27] [28] [29] [30] . Specifically, intrinsic functional connectivity data reveal altered connectivity among medial prefrontal cortex, anterior cingulate cortex, insula, and cerebellum while increased activation in the amygdala, ventrolateral prefrontal cortex (VLPFC), and anterior cingulate cortex has been examined in numerous neuroimaging studies of youth with GAD. Among these structures, the VLPFC is of particular interest in that it is not only hyperactivated in youth with GAD, but the degree of activation is inversely proportional to the severity of anxiety symptoms [30, 31] . The anxiety-related alteration in activity within this structure in youth with GAD is of particular interest in that treatment-both psychopharmacologic and psychotherapeutic-appears to alter VLPFC activity [29] . Finally, the cingulate cortex, a structure which subtends motivation and cognitive control functions, is functionally and structurally abnormal in youth with GAD and other anxiety disorders [32, 33] . Glutamatergic tone within this region correlates with the severity of anxiety in adolescents with GAD [31] .
Accumulating data from double-blind, placebo-controlled treatment studies support the efficacy of selective serotonin reuptake inhibitors (SSRIs) and serotonin norepinephrine reuptake inhibitors (SNRIs) in pediatric patients with GAD [25, [34] [35] [36] [37] ; however, these medications are associated with a number of treatment-emergent adverse events (TEAEs), including dry mouth, dizziness, and abdominal pain, as well as neuropsychiatric adverse events [38] . Importantly, the relationship between these adverse events and psychopharmacologic interventions in pediatric patients with major depressive disorder compared with youth with primary anxiety disorders has largely been unexplored, despite evidence suggesting that the prevalence patterns of certain adverse events and tolerability differ as a function of disease state [39, 40] . Moreover, several neuropsychiatric adverse effects, including an 'activation syndrome' that is characterized by irritability/affective instability, agitation, restlessness, insomnia, and disinhibition, are hypothesized to underlie the suicidality signal detected in the meta-analysis conducted by the US FDA [41] that gave rise to the black box warning for antidepressants in children, adolescents, and young adults [42] . Recently, this effect has been hypothesized to relate to a number of receptor-based and medication-specific factors, including the 5-HT 1A presynaptic receptors during the acute administration of SSRIs, which potentially inhibit the release of serotonin resulting in an acute hyposerotonergic state [43] . To this end, co-administration of a 5-HT 1A antagonist in lower animal models of pediatric mood disorders who were treated with fluoxetine prevented the negative effects of acute SSRIs [44] . However, while these translational studies shed light on the mechanism of acute neuropsychiatric effects of SSRIs in youth, the immediate clinical impact is unknown.
SSRIs and SNRIs-the current mainstay pharmacotherapy for GAD in youth-may further be associated with withdrawal symptoms upon discontinuation, with the severity of withdrawal symptoms being related to treatment duration, titration schedule, dosing, and pharmacodynamic aspects of the medication [45, 46] . Importantly, given the high prevalence of anxiety-related somatic symptoms in untreated youth with GAD, it is critical to systematically describe the tolerability of these medications based on data from placebo-controlled studies.
With these considerations in mind, we sought to systematically review all available randomized, placebo-controlled trials of psychopharmacologic interventions for treatment of GAD in children and adolescents, with a focus on efficacy and tolerability. Additionally, we sought to compare studies reporting similar efficacy measures and adverse events across psychopharmacologic interventions. . Studies were not excluded based on language of publication and only double-blind, placebo-controlled trials (DBPCTs) involving an exclusively pediatric population (\18 years of age) were included. Articles meeting these requirements were reviewed by the authors and studies in which fewer than 60 % of the participants had a diagnosis of GAD were excluded ( Fig. 1) . Moreover, when an article did not specify the proportion of patients with GAD (n = 1), the authors were contacted to obtain this information.
Methods

Identification and Selection of Studies
Analysis of Efficacy and Side Effects
Efficacy for each individual psychopharmacologic intervention is descriptively reported in terms of primary outcomes. Additionally, to facilitate comparison across studies, numbers needed to treat (NNT) were calculated for remission for each study in which the Pediatric Anxiety Rating Scale (PARS) scores were reported, using the recent definition of PARS B8 as the cutoff for remission [1] . NNT is an epidemiological measure of the effectiveness of an intervention. NNT is defined as the inverse of absolute risk reduction, or the number of patients that need to be treated in order for one to receive a benefit (e.g., remission of an anxiety disorder) relative to placebo. Therefore, an NNT of 1 represents an ideal intervention, large values indicate an intervention with little efficacy and a negative NNT indicates that the intervention is less beneficial than placebo. In the present study, NNT was calculated for each clinical trial by generating a normal distribution of 10,000 endpoint PARS scores, based on the mean and variance reported in each study. From these hypothetical patient data, absolute risk reductions were determined based on remission rates (i.e., PARS score B8) and NNTs were determined. Similarly, number needed to harm (NNH) was calculated for selected side effects which were reported in [50 % of studies. NNH is an epidemiological measure that indicates, on average, the number of patients that need to be exposed to a risk factor (e.g., a medication) for one patient to receive harm (e.g., an adverse event) relative to placebo. Therefore, an NNH close to 1 indicates a risk factor that frequently results in harm, larger NNH values indicate risk factors that rarely result in harm, and negative NNH values indicate that the 'risk factor' is actually protective against harm.
Results
Five randomized, double-blind, placebo-controlled trials have assessed the effects of SSRIs (sertraline [n = 2] and fluoxetine [n = 1]) and SNRIs (venlafaxine ER [n = 1] and duloxetine [n = 1]), in pediatric patients with GAD (Table 1) .
SSRIs in Pediatric Patients with Generalized
Anxiety Disorder (GAD)
In a randomized, double-blind, placebo-controlled trial involving youth with a primary diagnosis of GAD (N = 22) [36] , children and adolescents aged 5-17 years with a Hamilton Anxiety Rating Scale (HAM-A) score C16 and a primary diagnosis of GAD were randomized to placebo or to sertraline for 9 weeks of treatment. HAM-A scores, Clinical Global Impression-Severity (CGI-S) scores, and Clinical Global Impression-Improvement (CGI-I) scores demonstrated statistically significant improvements for sertraline-treated patients relative to placebo-treated patients, beginning at week 4 of treatment.
From an adverse event standpoint, sertraline-treated patients experienced more dizziness (18 vs 64 %, p \ 0.08), nausea (5 vs 55 %, p \ 0.06), and stomach pain (18 vs 64 %, p \ 0.08) than youth receiving placebo, but these side effects did not reach the level of statistical significance. No suicidal ideation or suicide attempts were reported in either group [36] . Subsequently, a larger study (N = 488, age 7-17 years) examining the efficacy of sertraline in pediatric patients with GAD, social phobia (SoP)/social anxiety disorder and separation anxiety disorder (78 % GAD) was completed-the Child-Adolescent Anxiety Multimodal Study (CAMS). In this randomized, double-blind, placebo-controlled trial, children and adolescents received sertraline, cognitive behavioral therapy (CBT), a combination, or placebo for 12 weeks, although there was no CBT ? placebo arm. At week 12, CGI-I scores of 1 or 2 (very much or much improved) were 80.7 % for combination therapy, 59.7 % for CBT, 54.9 % for sertraline, and 23.7 % for placebo (p \ 0.001). Significant reductions in PARS scores were observed for the combination arm compared with PARS scores for patients
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Articles excluded Insufficient GAD patients (n=2) Fig. 1 Preferred reporting items for systematic reviews and meta-analyses (PRISMA) flow diagram ER extended release, GAD generalized anxiety disorder, HAM-A Hamilton Anxiety Rating Scale, NNT number needed to treat, NR not reported, NA not applicable, PARS Pediatric Anxiety Rating Scale a Sample size indicates the number of patients randomized to either pharmacotherapy or placebo groups only, with cognitive behavioral therapy or combination arms excluded receiving sertraline or CBT monotherapy, and all active treatments were superior to placebo. Recently, a systematic evaluation of TEAEs encountered during the acute treatment phase of the CAMS [39] trial revealed no significant difference between sertraline and placebo in terms of total physical, total psychiatric, or any individual TEAE. However, sertraline-treated patients reported more total physical TEAE and higher rates of several specific TEAEs (e.g., insomnia, fatigue, and sedation) relative to patients receiving CBT or CBT ? sertraline. Importantly, higher rates of total psychiatric TEAEs (e.g., disinhibition, agitation, anxiety/nervousness) for children relative to adolescents were observed for all treatment groups and the total number of TEAEs in each arm of the study decreased over time. No suicide attempts or completed suicides occurred in either group, although suicidal ideation was reported by one subject receiving placebo compared with zero sertraline-treated patients.
Birmaher and colleagues assessed the efficacy of fluoxetine in a 12-week, double-blind, placebo-controlled trial of youth (7-17 years) with GAD, separation anxiety disorder and/or social anxiety disorder (N = 84, 64 % GAD) [35] . At week 12, significantly more (p = 0.008) subjects were found to be very much or much improved on the CGI-I in the fluoxetine group (61 %) compared with those receiving placebo (35 %). Drowsiness and headaches (reported together as neurological complaints) occurred more frequently in fluoxetine-treated patients compared with those receiving placebo (44 vs 14 %, p = 0.004), as did nausea and abdominal pain, reported together as gastrointestinal complaints (46 vs 22 %, p = 0.04). Although in this trial patients could be removed if there was suicidality, the number of subjects withdrawing for this reason was not reported.
SNRIs in Pediatric Patients with GAD
Venlafaxine ER was evaluated in an 8-week, double-blind, placebo-controlled trial of youth (6-17 years) with GAD (N = 320) [35] . Venlafaxine-treated patients improved significantly more than patients receiving placebo in terms of PARS, HAM-A, CGI-S, CGI-I, and SCARED (Screen for Child Anxiety Related Disorders) scores. Anorexia was the most significant TEAE experienced more in the venlafaxine group than the placebo group (13 vs 3 %). A 10-year-old boy who was treated with venlafaxine withdrew from the study due to suicidal ideation (day 19) and a 17-year-old girl withdrew from the placebo group due to a suicide attempt (day 15). Venlafaxine-treated patients exhibited significantly more taper/post-study-emergent adverse events compared with those who had received placebo (32 vs 16.5 %, p = 0.0014).
Strawn and colleagues (2015) evaluated the safety and efficacy of flexibly dosed duloxetine in children and adolescents (aged 7-17 years) with GAD in a 10-week, randomized, double-blind, placebo-controlled trial (N = 272) [47] . Statistically significant differences in remission rates (PARS severity score B8) were observed (duloxetine 50 % and placebo 34 %) at endpoint (week 10). TEAEs occurring at a greater rate in the duloxetine-treated youth compared with those randomized to placebo included nausea (20 vs 5.8 %), vomiting (16 vs 7.3 %), anorexia (15 vs 5.1 %), oropharyngeal pain, dizziness, cough, and palpitations. Although eight of the duloxetine-treated patients (5.9 %) experienced treatment-emergent suicidal ideation, this rate did not differ statistically from the rate of treatment-emergent suicidality in the placebo group (5.2 %). The most common taper-emergent AEs reported in the duloxetine group were headache and upper abdominal pain, although given that this study involved an open-label extension, only a minority of patients entered the taper phase.
Comparative Efficacy and Tolerability of Antidepressants in Pediatric Patients with GAD
NNT for GAD remission (PARS B8) and NNH for various TEAEs were calculated when possible and are included in Table 2 , along with percent of individuals who discontinued due to AEs in each study. NNT values ranged from 2.8 to 9.3, while NNH values varied greatly with respect to TEAE, drug, and study. Comparisons of NNT and NNH values are displayed graphically in Fig. 2 .
Discussion
GAD is among the most prevalent anxiety disorders in youth and is associated with debilitating psychosocial sequelae and increases risk of suicide attempts and selfinjurious behavior in pediatric patients. However, the disorder appears to be amenable to both psychotherapeutic and psychopharmacologic interventions [48] . In this regard, all randomized, placebo-controlled, double-blinded trials of pharmacological treatments in pediatric patients with GAD suggest efficacy and good tolerability. Specifically, NNTs for these medications range from 2.7 to 9.3. TEAEs tended to be mild or infrequent. Herein, we have compared TEAEs across these DBPCTs, although the heterogeneity of TEAE reporting complicates these comparisons. Among the five trials reviewed, data related to 50 distinct TEAEs or categories of TEAEs were captured. However, the number reported in a single trial varied considerably (range 5-36) and only four TEAEs were reported in three or more of the five studies (e.g., nausea, headache, sedation/drowsiness, and AE leading to discontinuation). Moreover, reporting of TEAEs and the associated variance is likely attributable to the heterogeneity of reporting as well as trial-specific factors. For example, one study reported sedation and drowsiness together as 'neurological complaints' [35] , another reported headache, but not drowsiness [34] , a third reported drowsiness, but not headache [36] , and two others reported both headache and drowsiness individually [37, 47] . Further, some studies reported only statistically significant TEAEs, while others reported rates of all TEAEs regardless of statistical significance.
The tapering of antidepressants has received little attention, despite being an issue of high clinical relevance, given that, for many, an eventual goal of GAD treatment is long-term remission with successful medication discontinuation [49] . In this regard, current recommendations for the psychopharmacologic treatment of GAD suggest that treatment should occur for approximately 1 year following remission, after which discontinuation should be attempted during a stress-free time of the year [50] . However, there are limited data regarding discontinuation of antidepressants in pediatric patients with anxiety disorders. Of the five trials reviewed here, only two trials describe taperemergent AEs [45, 46] . Discontinuation syndrome is an important consideration given the lack of evidence for long-term usage of SSRIs/SNRIs in the treatment of pediatric GAD. Additionally, studies suggest that 23 % of adults treated with SSRIs discontinue usage by 4 weeks and 36.5 % discontinue within 3 months [51] . These numbers may be even greater in children and adolescents, who may discontinue without the knowledge of either doctor or parents. The venlafaxine trial reported that nearly one third (32 %) of participants experienced post-treatment AEs compared with 16.5 % of the placebo group (p = 0.0014). Only the most common taper-emergent AE, headache, was explicitly reported (5 % venlafaxine vs 1 % placebo). The high rates of reporting any post-treatment AE and the low rate of even the most common posttreatment AE suggest that the manifestation of post-treatment symptoms varies significantly. In the registration trial for duloxetine in youth with GAD [50] , only taper-emergent symptoms experienced by two or more patients in the duloxetine arm were reported (three headache, two upper abdominal pain). Additionally, the total percentage of patients with any taper-emergent AEs was not reported and there was no explicit comparison between the placebo and duloxetine arms in terms of taper-emergent AEs. All other trials did not consider taper-emergent AEs. Suicidality has received significant attention in pediatric antidepressant trials in the era of the black box [52] . In the decade following the US FDA meta-analysis that led to the pediatric antidepressant black box warning [41] , several meta-analyses and studies have raised concerns regarding the conclusions of this initial analysis [40, 53, 54] . In this regard, while none of the trials in this review reported a statistically significant increase in suicidal ideation or suicide attempts in the treatment group relative to placebo, consistent with other post-black box meta-analyses using random effects models which found no link between pediatric antidepressant use and treatment-emergent suicidality [40, 53] , clinicians would do well to continuously evaluate for suicidality (either treatment-related or disease state-related) in anxious youth. From a generalizability standpoint, it is noteworthy that many of the clinical trials involving anxious youth excluded actively suicidal patients as well as patients with comorbid major depressive disorder (MDD), thus decreasing the likelihood of a 'suicidality signal' and potentially increasing the possibility of type II error.
Conclusions
Taken together, the extant data suggest that the SSRIs and SNRIs are generally efficacious and well tolerated, with their benefits well outweighing their risks in youth with GAD. However, comparative evaluations of tolerability are difficult, which highlights the need for greater uniformity in their reporting of TEAEs, suicidality, and taper-emergent AEs. Similarly, the potential association between treatment with an SSRI/SNRI and suicidality in youth with GAD remains unclear. In this regard, several comparative analyses of antidepressants in youth with anxiety disorders [40, 53] have failed to detect differences between drug and placebo for treatment-emergent suicidality, underscoring both the importance of the model chosen for this rare event and pointing to differences in treatment-related suicidality as a function of diagnosis (e.g., mood disorder vs anxiety disorder).
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